Efficient targeting of public programs is difficult when the cost or benefit to potential recipients is private information. This study illustrates the potential of self-selection to improve allocational outcomes in the context of program that subsidizes tree planting in Malawi. Landholders who received a tree planting contract as a result of bidding in an auction kept signficiantly more trees alive over a three year period than did landholders who received the contract through a lottery. The gains from targeting on private information through the auction represent a 30 percent cost savings per surviving tree for the implementing organization.
Introduction
Health, environment and poverty alleviation programs are often designed to target transfers toward recipients who maximize the net benefits of the program. If costs or benefits are private information, or if there are incentives for strategic behavior, then targeting can be improved through the use of mechanisms that induce self-selection in to the program (Nichols and Zeckhauser 1982; Coady et al. 2004 ). Self-selection has most frequently been implemented through market segmentation for subsidized food or health products or through below-market wages in public employment settings (Besley and Coate 1992; Alderman and Lindert 1998) , however, questions around the design of targeting tools for environmental land use programs have gained policy prominence with increasing attention to climate change mitigation and biodiversity conservation (Babcock et al. 1997; Ferraro 2008; Mason and Plantinga 2011) .
For self-selection to improve efficiency, recipients must possess private information about their costs or benefits under the program, and must respond to an allocation mechanism that reveals some of that private information. Both of these conditions may not be satisfied in practice. Yet, in spite of the implications for policy design, few field studies have directly measured how targeting public funds through self-selection affects program outcomes.
This study provides a straightforward empirical test of the role of private information in the allocation of subsidies for afforestation to landholders in Malawi.
1 Subsidies are in the form of a contract that provides landholders with a fixed number of seedlings and pays per surviving tree at regular intervals over a period of three years. If landholders' willingness to accept (WTA) the afforestation contract is private information, then an allocation mechanism that induces self-selection can, in theory, improve allocational efficiency. 2 Paying farmers per surviving tree at regular intervals avoids adverse selection concerns associated with targeting on WTA alone. Contract details and assumptions about the relationship between WTA and tree survival are further described in Sections 2 and 3. For land use subsidies, such as avoided deforestation, where adverse selection concerns are first A uniform price, sealed bid procurement auction, in which each landholder can win at most a single contract, has a dominant strategy of truthful bidding, and offers the advantage of endogenously determining a market clearing price. 3 The auction allocates subsidy contracts to landholders with the lowest bids, and exhausts the total available budget (Vickrey 1961 (Vickrey , 1976 . For the auction to efficiently target contracts, landholders must reveal their private information through their bids, something that inexperienced laboratory subjects often fail to do (Kagel 1995; List 2003) . 4 To empirically identify selfselection outcomes, the field experiment assigns eligible landholders either to a uniform price, sealed bid auction or to a lottery treatment that randomly allocates afforestation contracts. 5 The auction clearing price is used to set the subsidy level in both treatments.
Results show that self-selection through the auction improves allocational efficiency, measured by tree survival outcomes, relative to random selection in the lottery treatment group. At the end of the three year contract, the average tree survival in the auction treatment is 10.5 percentage points or around onethird of a standard deviation higher than under the lottery treatment. Because of fixed per-contract costs, the difference in survival rates translates, for the implementing organization, into a 30 percent higher cost per surviving tree in spite of the piece rate nature of the subsidy. The survival results are highly correlated with other measures of landholder effort under the contract, consistent with tree survival outcomes that are determined by landholder actions order, targeting on WTA may result in little behavior change (e.g., Sheriff 2009 ).
3 A number of authors have proposed the use of auctions as a conservation targeting tool (Latacz-Lohmann and der Hamsvoort 1997; Ferraro 2008) , and this study provides the first rigorous evidence on conservation auction performance from a field experiment. Previous research relies on standard program evaluation techniques or simulations to investigate the effects of targeting conservation investments based on deforestation risk or on opportunity cost (Alix-Garcia et al. 2008; Jack et al. 2008; Sheriff 2009 ). 4 Note that bidders need not follow the dominant strategy exactly for the auction to allocate to those with the lowest willingness to accept. As long as bids preserve the ranking of participants, those with the lowest WTA will receive a contract. 5 The lottery treatment was set up as a take-it or leave-it posted offer. Over 99 percent of landholders accepted the contract offer, so the lottery treatment was implemented on an unselected sample of landholders. Further detail on the implementation of both treatments is provided in Section 3.
rather than underlying endowments, such as land quality.
Simulations of alternative targeting approaches show that the auction does better at allocating contracts to households with high rates of tree survival than does targeting based on easily observed characteristics. However, as the household-level information available to the project designer increases, outcomes from targeting on observables improve relative to targeting on private information through auction bids. Furthermore, targeting on private information does best relative to targeting on observables in the short run. As more time elapses, the private information revealed by landholders at the time of the auction becomes less relevant for tree survival outcomes.
Like many field experiments and empirical case studies, the generalizability of the results may be limited. The study exploits a limited source of variation -landholder selection around a single contract price -and is therefore silent on the response of selection or survival to variation in contract price. In spite of these limitations, the study makes three main contributions. First, it demonstrates that landholders have private information relevant to their performance under a contract that offers incentives for afforestation. Second, it shows that an auction can reveal some of that information and target contracts to landholders with high tree survival outcomes, which offers a measure of allocational efficiency in this setting. Third, it provides evidence that the gains from self-selection relative to targeting on observables decrease as the information available to the project designer increases.
These contributions build on the existing empirical literature on the targeting of public spending using self-selection, little of which has compare alternative targeting approaches or directly measured allocational efficiency. A recent study by Alatas et al. (2012) compares two approaches to allocating cash transfers, one of which leverages community-level information about poverty. They find substantial differences in the composition of selected households, but are not able to measure allocational efficiency. A related literature examines targeting subsidized health products on the basis of willingness to pay, and finds mixed results on whether willingness to pay is correlated with allocational outcomes, measured by use and health impacts (Ashraf et al. 2010; Cohen and Dupas 2010; Berry et al. 2012 ).
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The next section provides a simple conceptual framework for the field experiment. Section 3 describes the experiment and data collection. Section 4 presents the main results from the contract allocation and tree survival outcomes. Section 5 shows additional results including simulation of alternative targeting rules and an analysis of how costs and benefits vary with the targeting approach. Section 6 concludes.
Conceptual framework
A simple conceptual framework provides intuition for landholder choices in the experiment. A project designer has a fixed budget to allocate toward subsidies for afforestation. The subsidies are in the form of a contract that pays a piece rate p per surviving tree. Under the contract, landholders are required to set aside a fixed amount of land to plant T trees. The amount of land allocated to the contract and the number of trees planted are not choice variables for the landholder, so the fixed costs F of the contract are assumed to be exogenous. Both fixed and variable costs v(t) may vary across landholders, and trees survive only if both fixed and variable investments are incurred. The total cost to the landholder of planting and caring for t trees is therefore F + v(t), with t ≤ T .
Assuming v (t) > 0, v (t) > 0, a landholder's minimum willingness to accept (W T A) the afforestation contract is defined by a choice of the piece rate p * and level of variable investment v(t * ) defined by the tangency of the profit maximizing marginal variable cost curve and the total cost curve: 6 Berry, Fischer and Guiteras (2012) is the only one of these studies that tests two different approaches to allocation. They compare willingness to pay for water filters in Ghana using a Becker-DeGroot-Marschak bidding mechanism and a take-it or leave-it price. They find modest but significant differences between the mechanisms, with higher willingness to pay elicited through the take-it or leave-it price. Related to the use of field experiments to explore the effects of self-selection, Chassang, Padro i Miquel and Snowberg (2012) discuss the importance of unobserved agent type in the context of randomized controlled experiments in which individual effort is unobservable but affects returns to the treatment.
Without imposing restrictions on the functional form of v(t), it is sufficient that F and v(t) are positively correlated for tree survival to be decreasing in willingness to accept at any givenp.
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The project designer wishes to allocate contracts to minimize the cost per surviving tree. Without information about the distribution of landholder costs of afforestation, the project designer will be unable to set an efficient price to clear the market. An appropriately designed auction will, in theory, give landholders an incentive to reveal their willingness to accept an afforestation subsidy and will endogenously determine a clearing price based on bids and the available budget.
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As shown in the standard results for a sealed bid, second price auction with single unit demand and private values, rational bidders who do not collude have a dominant strategy to bid their value (Vickrey 1961; Krishna 2002) .
9 If bids contain private information about the costs of contract implementation, then allocation on W T A will improve tree survival outcomes relative to a no-targeting alternative. If, on the other hand, bidders do not have private information about their implementation costs, or do not reveal costs through their bids, then alternative targeting approaches may do as well or better.
7 The relationship between fixed and variable costs is an empirical one. However, given that both fixed and variable costs depend on labor, a positive correlation is likely. 8 The contract, as implemented, pays farmers for the number of surviving trees at each of four periods spread over three years. Even if selection is based on short run willingness to accept, it will still lead to higher tree survival outcomes if v(t) is decreasing over time while the contract piece ratep is constant. 9 In this case, the uniform price is set by the first rejected offer, making it strategically equivalent to a single unit second price auction (Vickrey 1961 (Vickrey , 1976 . The clearing price could also be determined by a target number of contracts rather than a budget constraint.
Context and implementation
The study introduced random assignment at the allocation stage of a program to subsidize afforestation on private land in Ntchisi District in Central Malawi, implemented by the World Agroforestry Centre (ICRAF). 10 The program was modeled on the growing number of payments for environmental services and carbon offsets programs in Malawi and elsewhere around the world. 11 These types of land use subsidy programs are a substantial government expenditure in both developed and developing countries, totaling billions of dollars annually in direct payments to landholders in exchange for environmentally beneficial investments on private land (Pattanayak et al. 2010 ).
In the study setting, afforestation on private land produces both private benefits, including soil fertility and timber income, and public benefits, including carbon sequestration, reduced erosion and biodiversity. The private benefits accumulate slowly, and as a result, few farmers invest in afforestation without some form of encouragement. Implementation of the experiment and the data corresponding to each implementation phase are as follows.
Baseline survey and randomization. A census of 472 households in 23 villages collected household-level information on labor, land and household characteristics and preferences. 12 Households reporting less than one acre of private land in the baseline survey were ineligible for contracting and were excluded from the randomization. Treatment groups were assigned using a simple random draw. Invitations to participate in the allocation mechanisms were delivered to 10 In the study setting, private land refers to land that is owned and managed by a single household under customary tenure arrangements. 11 Ajayi, Jack and Leimona (2012) discuss the challenges of auction implementation in developing countries and compare the project described here with results from a conservation auction in Indonesia, but do not discuss the experiment in detail. 12 The implementing organization selected the villages based on their participation in previous projects and the capacity of the government extension staff to assist with the study. The initial selection of villages is therefore not random, though treatment assignment at the household level is. The baseline survey originally included 27 villages, four of which were later dropped from the study for budgetary reasons (one from each of the four extension planning areas included in the study). Power calculations and the budget available for data collection and contract payments determined the sample size at each stage of the project.
households one week in advance by field staff who were unaware of the details of the study. The invitation provided no specific information about the contract or the allocation process to minimize the opportunity for collusion. Of the 472 invited households, 433 (91.7 percent) participated in the auction or lottery treatments. Differences between participants and non-participants are shown in Appendix Table A.1. Participants are more likely to be male, live closer to their fields, experience fewer months of food shortage, belong to a labor sharing group, are more trusting of outsiders and have higher discount rates. This nonrandom selection into the project occurred before treatment assignments were revealed, and is therefore orthogonal to treatment. Table 1 shows treatment balance for participating households. Comparing variable means across groups using a t-test shows only one variable that differs at p < 0.10. Auction participants are slightly more likely to report prior contact with the implementing organization (p = 0.064). A joint F-test on these variables indicates no statistical difference between the treatment groups (F (24, 429) = 1.12). Table 1 also highlights some relevant features of the implementation setting. Casual labor markets are active but seasonal: around 40 percent of households participate in labor-sharing and around two-thirds seek casual labor for income. The average household reports five acres of land on which they plant just over three different types of crop. Around half of the respondents had some trees growing on their land at the time of the baseline survey.
The contract. The afforestation contract required that landholders plant 50 seedlings provided by the implementing organization on half an acre of private land. Seedlings were distributed at the start of the rainy season, three months after contracts were allocated. The implementing organization provided trainings on tree planting and care to all recipients. Landholders were paid based on the contract price and the number of surviving trees.
13
Contract allocation. Participants arrived to the allocation site, registered and were separated in to their pre-assigned treatment groups, which 13 In practice, the incentives are in the form of a piece rate per surviving tree. Based on piloting outcomes, bids were solicited for the full contract amount.
were implemented simultaneously to avoid information spillovers. The two treatments used different enumerators, who followed scripts that provided the same information except for the description of the allocation mechanism. In both treatments, the contract was fully explained to individuals before they were asked to make any decisions. Auction participants heard a thorough explanation of the auction rules and the bidding incentives and were given several examples. 14 They were specifically told that the best strategy was to bid the lowest price that would make them willing to accept the contract. The enumerator explained that the budget available to purchase tree planting contracts was limited, but the size of the budget was not announced. 15 Sealed bids were collected and ranked on the spot to determine the auction clearing price based on the available budget and the first rejected bid. Participants in the lottery treatment group were told the take it or leave it price, based on the auction clearing price, but were not informed about the source of the price. 16 The lottery was conducted among participants who accepted the take it or leave it price, by drawing participant identification numbers from a box in front of the group. Monitoring and payments. Tree survival outcomes were measured six months into the contract, and again after one, two and three years. During each monitoring visit, representatives from the government, the implementing organization and local officials visited the field where the trees were planted and counted surviving trees, based on pre-determined criteria. 17 Approximately three percent of the observations reflect non-monotonicities in tree 14 Examples illustrated the mechanism but used bidding scenarios that were unrelated to the contract and were too low to anchor participant values.
15 Note that in a procurement setting, either a quantity constraint or a budget constraint can be used to set supply. In this case, due to actual budget limitations, a budget constraint was used. Therefore, the budget constraint must bind for the auction to be incentive compatible. Preliminary qualitative work indicated that the budget would bind and participants were explicitly told that the budget was insufficient to cover all bids. 16 The difference in the timing between the treatments was facilitated by serving refreshments at different points during the process. All participants knew that they would receive refreshments as part of their show up fee. survival and therefore errors or discrepancies in monitors' assessments of tree survival status. In the main results, the monitoring data is analyzed in its original state. Linear imputations of the non-monotonic observations provide a robustness check. The lead monitor also conducted an assessment of field maintenance including land care practices, such as weeding and constructing fire breaks, that were covered in the trainings. The assessment resulted in a monitoring score that ranges from 1 to 5, with 5 being the highest score. Figure 1 shows the cumulative distribution function of bids in the auction, with a mean of approximately 60,000 Malawi Kwacha (MWK) and a median of MWK 20,000 (bid curve is plotted on a logarithm scale). The auction had a fixed budget of 1.05 million MWK, resulting in a clearing price of MWK 12,000 based on the first rejected offer and the available budget.
Main results

Contract allocation outcomes
18 As a result, 85 individuals (37.3 percent of the market) received contracts, a selection determined both by the number of bidders in the auction and the budget available for contract payments. The auction clearing price, shown by the vertical line in Figure 1 , was offered to 205 individuals in the lottery treatment group, all but one of whom accepted the contract.
19 The lottery selected 91 individuals for contracting, resulting in a representative sample of landholders for comparison to the selfselected sample under the auction. 19 This divergence in contract supply at the clearing price is inconsistent with standard theoretcial predictions and is substantially larger than what could be explained by imbalanced randomization. A full analysis of the allocation outcomes is beyond the scope of this paper, and is a topic for further research.
Auction
To investigate observable determinants of self-selection under the auction, Table 2 reports the estimates from a linear regression of bids from landholder i in village v on observable characteristics (x i ), with standard errors clustered at the village level.
The first and second columns of Table 2 use the natural log of the auction bid as the outcome variable. The joint significance of village indicator variables (d v ) (column 2) implies that some factors that affect bids, and therefore auction selection, are correlated within village. The model in column 3 uses bid rank (lowest to highest) as the outcome variable. A simple ranking of bids preserves the ordinal sorting of the auction while eliminating outliers that may be due to bid shading or miscalculation. Results for bid rank (column 3) are qualitatively similar to the results with ln(bid) as the outcome (columns 1 and 2). Column 4 shows the selection into the contract for the auction treatment, using a probit model.
Several explanatory variables are consistently signed and sometimes significant across regression models. Intuitively, the positive coefficients on education level and reporting a binding labor constraint are consistent with a higher opportunity cost of implementing the contract. Households that spend more time gathering firewood place lower bids, perhaps in anticipation of using planted trees for fuel. The payoffs from the trees occur in the future, after costs are incurred, so the negative coefficient on the time preference variable, which corresponds to a lower discount rate, is also intuitive. The negative coefficient on the stated land constraint is harder to interpret, particularly in light of customary tenure rules and abundant land in the study area.
Lottery
Given that contracts were allocated randomly in the lottery treatment group, household characteristics should not predict contracting outcomes, and jointly they do not. However, the lack of stratification and the small sample size results in some differences in household characteristics in a probit regression of lottery outcomes on household observables (Table 2 , Column 5). Household size and the sale of cash crops are slightly higher among contract recipients, while land size is slightly lower. The implications of this non-random selection will be revisited in Section 4.2.
Contract implementation outcomes
Selection on auction bids only matters to the project designer to the extent that it improves tree survival outcomes. As shown in the conceptual framework, this depends on the presence of private information, on the revelation of some of that information in bids, and on the nature of implementation costs for the landholder. The primary outcome for evaluating targeting is the number of surviving trees, out of 50, at each of four monitoring rounds over three years. Average tree survival decreases over time, though the auction treatment group remains stochastically dominant, as illustrated by the CDFs of survival outcomes by monitoring round (Figure 2 ). Under the assumption of independent observations, I first test the difference in tree survival outcomes non-parametrically. Specifically, a Wilcoxon rank sum test pools and ranks the survival data and compares the sum of the rankings for each treatment. Figure 2 reports the two-sided p-value associated with the test for each of the four monitoring rounds. The difference is greatest 6 months in to the contract (p-value = 0.004), decreases at one year (p-value = 0.220) then increases again through the final monitoring round (p-value = 0.055).
A disadvantage of the non-parametric tests is that each round is analyzed separately. A linear regression analyzes average treatment effects across all four rounds, with clustering at the village level to allow for arbitrary correlation across time and within village. Monitoring round intercepts are included in all regressions to correct for common time shocks across villages. Table 3 , Column 1 presents the results of a linear regression of the number of surviving trees on the auction treatment and round indicators (r t ), using ordinary least squares with standard errors clustered at the village level.
On average, across the four rounds of monitoring, approximately 3.85, or around 15 percent, more trees survive under contracts allocated through the auction than contracts allocated through the lottery treatment.
20 The total number of villages (23) may be insufficient for asymptotic inference with clustered standard errors, so I use a wild bootstrap correction to address the small number of clusters (Cameron et al. 2008) . 21 The correction slightly increases the standard errors shown in Panel A, Column 1 and lowers the p-value on the treatment effect to p = 0.098. As a robustness check, the 3 percent of the monitoring observations that indicate non-monotonic tree survival outcomes are corrected with linear imputations of tree survival trends. With the corrected data, the magnitude of the auction treatment effect is increased slightly to 3.97 trees and the significance level is unchanged (p < 0.10).
Round specific treatment effects, obtained by interacting the auction treatment with monitoring round indicators, are plotted in Figure 3 . The figure illustrates the downward trend in tree survival in both treatment groups. The positive treatment effect of contract allocation through the auction increases slightly over time, as does the size of the standard errors. By the fourth monitoring round, three years after the trees were planted, the auction leads to 5.24 (s.e. 2.34) or 33 percent more surviving trees than the lottery treatment. From the implementing organization's perspective, tree survival outcomes at the end of the contract are most relevant, though the total amount paid out in afforestation subsidies depends on performance throughout the contract.
The linear specification Column 1 does not reflect the implicit censoring of the outcome variable at 50 surviving trees, which is the maximum allowed 20 Village fixed effects are not included because some of the relevant selection under the auction occurs at the village level, as shown in Table 2 . Spatial regressions (not shown) also indicate geographic autocorrelation of tree survival outcomes at the household level. Both social and biophysical factors may contribute to the spatial autocorrelation.
21 The bootstrap correction holds regressors constant and resamples residuals, randomly switching the sign of the residual at the cluster level, and imposing a null of β = 0.
under the contract. Approximately 11 percent of landholders kept all 50 trees alive for at least six months of contract implementation. At the other end of the distribution, around 12 percent of tree survival observations are zeros. A tobit model adjusts the distribution to address predicted values that fall outside the possible range when round controls are included in the OLS specification. The tobit regression results, with censoring at a maximum of 50 and a minimum of zero trees are shown in Column 2 of Table 3 and are of slightly higher magnitude than the linear regression results (Column 1), with a mean treatment effect of 4.75 (s.e. 2.67) surviving trees in contracts allocated through the auction. The wild bootstrap corrected p-value for the treatment effect estimated with the tobit model is p = 0.087. The score assigned by the monitor is an additional proxy for landholder effort, not subject to random shocks that may affect tree survival. Tree survival is positively correlated with the monitoring score for the three years of data (ρ = 0.81). The ordered logit regressions reported in Column 3 of Table 3 use the monitoring score (1-5) as the dependent variable and a latent variable model for each of the four cutoffs associated with the monitoring score. The score regression reports the odds ratio for the auction treatment indicator and shows a strong treatment effect. An individual in the auction is 0.43 times more likely to receive a one-unit higher score on the monitoring than is an individual in the lottery treatment group. The positive coefficient on the auction treatment variable is consistent with greater investment of variable inputs, including labor, contributing to the higher tree survival outcomes reported in Column 1.
Over the three years of the contract, around 24 percent of contracted landholders chose not to continue their contracts. Throughout the analyses, these are coded as zeros, both for surviving trees and for the monitoring score. A binary exit variable equals one for the period when the landholder dropped out and for all subsequent periods. Results for the auction treatment effect on exits are estimated with a linear probability model, and shown in Column 4 of Table 3 . Landholders exit the contract at the same rate in both treatments. Results are therefore not driven by differences on the extensive margin of contract participation.
Landholder observables and tree survival outcomes
The relationship between tree survival outcomes, observable household characteristics and auction bids may further explain the role of private information in the auction selection. Table 4 separates the estimation of tree survival outcomes by treatment group to isolate the direct relationship between household observable characteristics and tree survival from the effects of selection under the auction. Linear regressions of tree survival on observables include monitoring round indicators and cluster standard errors at the village level. Table 4 shows two results. First, some household characteristics are correlated with tree survival outcomes in the randomly selected households contracted through the lottery treatment (Column 1). Specifically, larger households keep fewer trees alive, while households with access to credit (past borrowing) and more assets keep more trees alive. Together, these coefficients suggest that liquidity constraints may correspond to lower tree survival. On the other hand, households that rely on family labor have higher tree survival outcomes, which may indicate supervision challenges with hired workers. Distance from home to field, production of cash crops and a stated land constraint are negatively signed, consistent with a higher opportunity cost of land driving down tree survival. Finally, those who distrust outsiders have lower tree survival, perhaps because they do not expect to be paid, as do those more willing to try new technologies. The interpretation of these coefficients is speculative, but the overall variance in tree survival explained by household characteristics is reasonable (R-squared = 0.527).
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Second, higher tree survival outcomes under the auction treatment are driven by selection that is not fully explained by the relationship between 22 I can also use these results to check whether the slight imbalance in lottery outcomes described in Section 4.1 is likely to have affected tree survival outcomes. Both household size and production of cash crops are associated with a greater likelihood of receiving a contract through the lottery and worse tree survival outcome. However, both variables are balanced across treatments among contract holders, making it unlikely to have played a substantial role in the divergent tree survival outcomes.
observables and outcomes in the unselected sample (lottery treatment). Comparing Columns 1 and 2 in Table 4 shows that most characteristics significantly related to tree survival under the representative lottery group (Column 1) have a less precisely estimated coefficient of the same sign in the self-selected auction group (Column 2), suggesting that selection under the auction reduces some of the relevant variation in characteristics. Cash crop production, past borrowing and willingness to try new technologies are three exceptions where the relationship with tree survival is significant among the randomly selected lottery group but of the opposite sign (insignificant) among self-selected auction participants. On the other hand, the auction does not select for the same characteristics ( Table 2 ) that directly predict tree survival in the unselected sample (Column 1, Table 4 ). This suggests that unobserved characteristics also played a substantial role in selection under the auction.
A direct correlation between auction bids and tree survival would provide further evidence for private information revealed through the auction. However, among the limited number of bidders who received contracts, this relationship is weak, perhaps because of the limited variation in winning bids: the standard deviation in bids below the clearing price is 2 percent of the standard deviation in bids above the clearing price. To further investigate the relationship between observable characteristics, bids and tree survival, I use a regression of bids on household characteristics and village indicators to predict bids for the lottery treatment group. This results in a wider range of (predicted) bids with corresponding tree survival outcomes. A regression of tree survival on predicted and actual bids for all contracted landholders shows a negative relationship between bids and tree survival, consistent with selection on private information. The statistical significance of the relationship is sensitive to the specification. If the natural log of bids and tree survival are used for the regression, it is insignificant at conventional levels (β = -0.919, s.e. = 0.588, p = 0.133). The same analysis, using rankings for both bids and tree survival is significant at p < 0.10 (β = 0.15, s.e. = 0.08).
Additional results and discussion
The higher rate of tree survival under the auction confirm that self-selection improved allocational efficiency for the available budget. This result is sufficient to establish the presence of private information about contract costs and the ability of an auction to reveal some of that information. However, the result raises additional questions. First, comparing the auction allocation to a random allocation poses a relatively low hurdle for the auction to demonstrate its selection abilities. Using household characteristics, can targeting on observables do as well or better than the auction? Second, what are the costs and benefits of the program, and how do these vary with how contracts are targeted?
Targeting on observables
Targeting public spending on observable characteristics is a common approach to identifying recipients for public programs. If observable characteristics proxy well for opportunity cost, targeting on observables may do as well as self-selection. However, gathering and correctly weighting the household observable characteristics that determine tree survival may be as difficult for a project designer as eliciting willingness to accept through an auction. I explore the potential for targeting on observables in this context by simulating alternative targeting rules that vary the amount of household-level information available to the project designer.
I observe both household characteristics and tree survival outcomes for the 89 landholders who were contracted at random under the lottery. I therefore focus on those observations to simulate alternative targeting approaches that rely on household observables. In doing so, I ignore both the households that self-selected under the auction, whose characteristics and survival outcomes are not representative of the larger population, and the households who did not receive contracts, and for whom I do not observe tree survival outcomes.
Since I wish to compare targeting on observables with selection under the auction, which included 228 bidders, I use the representative sample of 89 contracted landholders to simulate, using repeated random sampling, larger samples of 228 households for whom I observe both household characteristics and tree survival outcomes. I rank the resulting samples according to each targeting rule and identify average tree survival in the top 37 percent (the number selected under the auction). I repeat this exercise 10,000 times for each targeting rule.
I explore four approaches to targeting, increasing the informational intensity with each rule. First, the simplest targeting approach relies on a single observable household characteristic. In this exercise, I use five variables from the baseline survey that proxy for characteristics identified as priorities for targeting by stakeholders in Malawi: total acres owned, household size, participation in the labor market, past experience with the implementing organization and past tree planting.
24 Second, targeting on multiple characteristics requires additional household data but may improve outcomes. Assuming no information about how to weight these characteristics, I combine the five variables of interest using equal weights by normalizing land size and household size to 1 and summing these with the remaining three binary characteristics. Third, information about the relationship between observable characteristics and tree survival outcomes allows for more sophisticated targeting. I regress tree survival outcomes on the five priority characteristics to obtain regression weights which are used to construct a weighted index. Finally, a larger set of household characteristics may further enhance targeting. The fourth targeting approach uses regression weights for all household covariates (the weighting regression is shown in Table 4 , Column 1). Note that the last two targeting rules require difficult to obtain information and an assumption that the relarules to the auction sample. This approach ignores the error term in the predicting equation, which explains almost half of the total variation in tree survival outcomes (Table 4) , so I employ a methodology that takes advantage of the representative sample of landholder for whom both characteristics and tree survival are observed. 24 These characteristics were determined through interviews with stakeholders, including government officials. The approach is similar to what is used by Jack et al. (2008) with data from Indonesia.
tionship between household characteristics and tree survival holds over time and out of sample. Figure 4 compares the relative performance of targeting on observable characteristics with targeting on willingness to accept through the auction. The top panel shows simulated outcomes after 6 months and the bottom panel shows outcomes at the end of the three year contract. Generally, the simulations confirm that incorporating additional information into the targeting rule improves allocational efficiency, as measured by tree survival. Targeting on observables also performs better, relative to the auction selection as more time elapses. For example, targeting with regression weights on the five priority characteristics is much closer to the auction's selection after three years than after six months. This suggests that bidders' have better private information about short term costs than long term costs. Even in the short term, if enough is known about household characteristics and how they relate to tree survival outcomes, targeting on observables can lead to a better selection than the auction. However, gathering the amount of information needed to implement a targeting rule that relies on regression weights for a full set of household characteristics has a number of disadvantages: it may be more costly than running an auction; it requires enough elapsed time to measure the relationship between characteristics and outcomes; and it requires strong assumptions about the stability of this relationship over time and across landholder populations.
Program costs and benefits
Without detailed ex post measures of the impacts of the contract on consumption and other livelihood measures, a full welfare analysis is not feasible. I first examine the costs and benefits of the program for the implementing organization, then turn to a more tentative assessment of landholder costs. Costs to the project designer include both fixed per-contract costs and variable costs per surviving tree. The variable costs per surviving tree are the same for each of the mechanisms, since the program pays only for surviving trees. The fixed costs of the program include enrolling participants, training them on the afforestation contract, providing inputs, and monitoring tree survival. Fixed costs are USD 125 per contract, including field staff time but not including research-specific costs such as survey data collection. Including all fixed and variable costs, the cost per tree at the end of the three year contract was USD 2.51 lower-USD 8.44 per tree-for contracts allocated under the auction.
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These calculations are sensitive to the scale of the project but indicate that the tree survival differences carry cost implications for the project designer in spite of the piece rate nature of the incentive.
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The estimates of the costs per contract can be compared with projections of the carbon sequestration benefits from the trees. Using species-specific allometric equations to transform biomass into carbon storage, Kachamba (2008) projects that each tree had sequestered only 0.013 tons of carbon after 3 years. Using a social cost of carbon of USD 21, this implies sequestration benefits of USD 0.26 per tree at the end of the contract. The value increases over time as the tree grows. After 20 to 25 years, it is projected to surpass the per tree costs, regardless of how contracts are allocated, with a sequestration value per tree of USD 13.38. If carbon sequestration is the only social benefit generated by the program, then there are more cost effective ways to sequester carbon.
Both costs and benefits to the landholders are more difficult to quantify. Benefits may include soil fertility, erosion mitigation, wind blocks, firewood and poles from construction. Local imperfections in land, labor and credit markets imply that market prices for inputs and outputs do not reflect the true costs to the landholder. Appendix Table A .2 uses market prices for inputs and outputs to estimate total costs associated with the contract as a benchmark against which to compare auction bids. An analysis of this type, using market rates and approximating input costs, is a standard approach to 25 These calculations assume that both an auction and a lottery are conducted for all eligible landholders as a group, and include transport costs for the participants. For a posted price offer, it would be possible to implement the mechanism by going door to door, however, the costs of such an approach would not necessarily be lower than transporting participants to a central site and completing the exercise in a single day.
26 Evidence on the price elasticity of survival outcomes would offer further guidance to the organization on the tradeoff between higher fixed costs associated with more contracts and a lower piece rate incentive.
setting posted price offers in developing country payment for environmental services programs. Land markets are highly imperfect in the study setting, with few incidents of land rental reported in the baseline data. A household that takes land out of production in order to implement the contract may lose crop income, which is valued well above potential income from the contract. Most baseline survey respondents report participation in the casual labor market (around two-thirds of respondents), which implies that informal market wage rates may reasonably approximate the opportunity cost of labor.
27 At agricultural labor market prices, the opportunity cost of the contract for a household with surplus land is approximately MWK 19,600. The median auction bid was MWK 20,000. Because the presence of land or labor constraints are difficult to observe at the household level, a further analysis of how costs varied with the targeting approach or how they relate to tree survival outcomes is beyond the scope of the available data.
Conclusion
This study offers empirical evidence on the importance of private information for targeting public funds for environmental land use activities in Malawi. A straightforward field experiment directly compares outcomes when participants self-select into the program with a no-targeting alternative. The program offered landholders a piece rate subsidy for planting trees, which paid out conditional on tree survival at four intervals over three years. Tree survival was significantly higher among farmers who revealed a low willingness to accept through an incentive-compatible auction than among landholders who were randomly assigned a contract. The treatment effects were sustained over the three years of the contract, which suggests that cross sectional heterogeneity may be more important for determining tree survival than are unanticipated intertemporal shocks. However, the counterfactual of no-targeting provides only a weak test of the efficiency gains from the auction. Targeting on observables is a common alternative approach, and simulations using the tree survival data and landholder characteristics show that, with enough householdlevel data, targeting on observables may also allocate contracts to landholders with high survival outcomes. Whether the information is private and revealed through self-selection or observable and collected through surveys and pilot implementation outcomes, difficult to observe household-specific information is important for efficient targeting. The paper extends previous research on targeting on willingness to pay for health products (e.g., Ashraf et al. 2010; Cohen and Dupas 2010; Berry et al. 2012 ) to a new context, and suggests that willingness to accept may -in the case of environmental subsidies -be a relevant characteristic for self-selection. However, the results focus on a narrow source of variation: selection around a single contract price, which was determined by the budget available for contracting, the number of participants in the auction and the distribution of bids. Changing any of these factors would change the clearing price, affecting both selection and the incentive conveyed by the contract price. Thus, considerations of optimal subsidies must also account for the price elasticity of tree survival, which requires further empirical research. (3) is an OLS regression of bid rank on explanatory variables. (4) and (5) are probit regressions with the binary contract allocation outcome as the dependent variable. Columns (1) and (2) omit a single high outlier bid from the regression. Standard errors are clustered at the village level in (1), (2) and (3). * p<0.10, ** p<0.05, *** p<0.001. See Table 1 for a description of the regressors. Notes: N=704. Standard errors are clustered at the village level in all models. The outcome variable in Columns 1 and 2 is tree survival, out of a maximum of 50 trees. Column 1 estimates the model using OLS and Column 2 uses a Tobit regression censored above at 50 and below at 0. Column 3 shows the odds ratio for an ordered logit regression for the monitoring score (1-5). Column 4 uses a linear probability model for contract exits. Notes: Density plots of mean tree survival rates at 6 months (top) and 3 years (bottom) from simulations of alternative targeting rules using observable household characteristics. The dashed vertical line shows the mean tree survival rate from the lottery selection. The solid vertical line shows the mean tree survival rate from the auction. (a) Labor costs calculated at average market wage rate for day casual labor. (b) Crop income calculated using local market rates from 2008 and average yields from 2007. All cost estimates are based on inputs and outputs for half an acre for the two leading alternative land uses, local maize and soya bean, and for tree production. Interviews with District Agriculture and Development officers provided information on labor requirements for the contract and alternative land uses.
